Abstract
Introduction

47
Diel rhythms allow organisms to prepare for periodic changes in environmental conditions, e.g. which are mostly active and feed during dark phases, whereas they rest during light phases 57 (Cerezke, 1994; Duan et al., 1996) . In addition, both H. warreni and Hylobius xiaoi (Zhang) 58 show distinct diel movement patterns, ascending trees at dusk and descending at dawn (Cerezke, 59 1994; Wen et al., 2004) .
61
In the present study, the diel behaviour of the pine weevil (Hylobius abietis (L.) (Coleoptera: summer (Solbreck & Gyldberg, 1979) . Host volatiles emitted from stumps and dying trees guide the flying weevils to suitable sites, and soon after they have settled their wing muscles 70 degenerate (Nordenhem, 1989) . Walking weevils use both visual and olfactory cues to locate 71 conifer seedlings (Björklund et al., 2005 The behaviour of male and female weevils is also compared. 
Materials and methods
112
Insect and plant material 113 The pine weevils used in the study were collected in central Sweden during spring migration a Corporation, Tokyo, Japan; G lense (F 1.8-3.4; focal length: f 3.8-38 mm)) were then focused on 136 the seedling, set at 45 º to each other to ensure high visibility of weevil activity close to the 137 seedling. However, the weevils could be out of vision when being close to either of the cameras, sessions were started with a 7 h light phase, followed by the 6 h dark phase, and then an 11 h 144 light phase. The experiment was conducted at room temperature (22 °C).
146
Each weevil was placed in the cylinder surrounding a seedling a day before the start of each 147 observation session to habituate them to the cylinder. To avoid effects of any feeding scars the 148 seedling was then replaced with a new one after the acclimatization period. Video recording was 149 started when the new seedling was installed and ended 24 h later.
151
The behaviour of each weevil was observed in two sessions, once with a non-girdled seedling
152
and once with a seedling that had been manually girdled 24 h prior to video recording. The The weevils' behaviours were visually recorded and divided into two mutually exclusive 161 behaviour groups related to feeding and locomotion as listed in The times spent on feeding and in locomotion during the light and dark phases were separately The total time spent on the seedling before and after the first feeding occasion were compared 181 using the Wilcoxon signed ranks test (R, Version 2.12.1, The R Foundation for Statistical
182
Computing, Austria) as the data did not always meet normality of distribution (Kolmogorov- seedlings, and differences in the times spent by male and female weevils on different behaviours.
186
In addition, the time until the first feeding occasion was compared between non-girdled/girdled 187 seedlings and male/female weevils using Wilcoxon signed ranks and Mann-Whitney tests,
188
respectively. In addition, differences in the proportion of times that males and females spent in locomotion or 199 standing when they were not feeding (which met normality of distribution and homogeneity of 200 variance requirements for parametric tests) were assessed using 2-sample t-tests.
202
Results
203
General diel activity 
206
Neither sex nor girdling had a significant effect on locomotion (P >0.05).
208
The time spent feeding was low from the beginning of the observation sessions to the second half 209 of the dark phase (Fig. 2 c and later than on girdled seedlings (11.3 ± 1.1 h and 7.6 ± 1.2 h, respectively; P = 0.02; N = 24).
219
Weevils spent more time on the seedlings during the second half of the dark phase than in the 220 first half ( Fig. 2c and d) . They also spent significantly less (P < 0.001) time on non-girdled 221 seedlings before (1.7 ± 0.6 min h -1 ) than after (17.0 ± 4.3 min h -1 ; Fig. 2c ) the first feeding 222 occasion, but not on girdled seedlings (6.5 ± 4.5 min h -1 before, 11.9 ± 2.8 min h -1 after; P = 223 0.052; Fig. 2d) . Thus, the weevils spent more time on seedlings that had been injured by either 224 manual girdling or weevil feeding. 
Diel behaviour and time budget of pine weevils
Female weevils spent more time than males on the seedlings both in total and relative to the time 227 spent feeding ( Fig. 3c and d and after (females 14.9 ± 3.7 min h -1 ; P = 0.31; males 2.0 ± 0.6; P = 0.31) the first feeding 232 occurrence for both sexes.
234
Time Budget
235
Weevils spent on average 6 % (range, 2.1 % to 13.8 %) of the day feeding (Fig. 4) . Most of the 236 time they were not on the seedling and during this time they spent a larger proportion of the time 237 standing than in locomotion.
239
The girdling treatment did not affect the total amount of time allocated to any tested behaviour Diel behaviour and time budget of pine weevils time spent standing (42.8 ± 2.6 % and 42.5 ± 2.2 %, respectively; P = 0.81). However, females 250 were standing for a higher proportion of the time when they were not feeding than males
251
(61.9 ± 4.8 % and 45.7 ± 5.2 %, respectively; P = 0.049).
253
The weevils fed predominantly on the stems of the seedlings (96.0 ± 1.2 %, see "food intake"; 254 table 1), but also on needles (4.0 ± 1.2 %).
256
Discussion
257
This study investigated the diel behaviour pattern and time budget of adult pine weevils with 258 high temporal resolution under laboratory conditions. Feeding on seedlings and locomotion both 259 on and away from seedlings and the time allocated to these behaviours are examined in detail.
260
The effects of girdling seedlings on the weevils' behaviour are also investigated. Diel behaviour and time budget of pine weevils periods of favourable weather conditions, i.e. moist and moderately warm (Sibul et al., 1999) .
273
Other weevil species, such as the Warren rootcollar weevil, pine root collar weevil, H. xiaoi, and 274 apple blossom weevil, also express higher locomotion activity during the night (Cerezke, 1994; 275 Duan et al., 1996; Wen et al., 2004; Wilson, 1968) . This study shows that changes in light 276 intensity per se can be enough to trigger a diel behaviour pattern, since the present study uses an 277 artificial light and dark cycle, which is not in phase with the natural day-night cycle. have to digest larger amounts of food but their digestion times are similar (Nuorteva, 1972) .
287
In contrast to the pine weevil, feeding activity of the apple blossom weevil increases sharply 288 directly after the onset of the dark phase, possibly because its locomotion activity is more evenly 289 distributed during the dark phase (Duan et al., 1996) . In the present study, some of the reduction changes in their volatile emissions and make them more attractive to pine weevils (Nordlander, 309 1991). However, the pine weevil generally responds to these volatiles within a short range from a 310 seedling (Björklund et al., 2003) . In the present study, weevils spent more time on both girdled 311 seedlings and non-girdled seedlings after the first feeding occasion than on non-girdled seedlings 312 before the first feeding on them, indicating that they were attracted to damaged seedlings. After 313 the first feeding on non-girdled seedlings their behaviour patterns were similar to those on 314 previously girdled seedlings. Therefore, some of the behavioural patterns we observed on non-315 girdled seedlings would probably not be observed on cut-off twigs (see Merivee et al., 1998 can be due to differences in their biology, differences in the nutritional value of their host plants In this study, a detailed description is presented of diel activity patterns of both male and female 339 pine weevils on both girdled and non-girdled seedlings. The sex of the weevils affects the diel 340 patterns of both feeding and locomotion behaviour as well as the time budget, but the girdling 
